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Abstract The use of pedicled vascularised bone grafts
from the distal radius makes it possible to transfer bone
with a preserved circulation and viable osteoclasts and
osteoblasts. Experiments performed at the basic science
level has provided substantial evidence that low-intensity
ultrasound can accelerate and augment the fracture healing
process. Only an adequate double-blind trial comparing
treatment by ultrasound stimulation in patients treated by
similar surgical techniques can provide evidence of the true
effect of ultrasound. This paper describes the results of
such a trial. From 1999 to 2004, 21 fractures of the
scaphoid with established non-union treated with vascular-
ised pedicle bone graft were selected for inclusion in a
double-blind trial. All patients were males, with an average
age of 26.7 years (range 17–42 years) and an average
interval between injury and surgery of 38.4 months (range 3
months–10 years). Low-intensity ultrasound was deliv-
ered using a TheraMed 101-B bone-growth stimulator
(30 mW/cm2, 20 min/day), which was modified to
accomplish double-blinding. These modifications did not
affect the designated active units. The placebo units were
adjusted to give no ultrasound signal output across the
transducer. Externally, all units appeared identical but were
marked with individual code numbers. Patients were
randomly allocated to either an active or placebo stimula-
tion. Follow-up averaged 2.3 years (range 1–4 years). All
patients achieved fracture union (active and placebo
groups), but compared with the placebo device (11 pa-
tients), the active device (ten patients) accelerated healing
by 38 days (56±3.2 days compared with 94±4.8 days,
p<0.0001, analysis of variance).

Résumé L’utilisation de greffes pediculées de l’extrémité
distale du radius est possible. Elles peuvent être utilisées
comme transferts osseux pourvu que l’on préserve la
vascularisation garant d’une bonne circulation avec des
osteoclastes et osteoblates bienvivants. De nombreuses
expérimentations ont également montré que l’utilisation
d’ultrasons de basse intensité peut accélérer et augmenter le
processus de consolidation osseuse. Seule une étude en
double aveugle stimulant l’ostéogènèse par ultrasons sur
des patients opérés avec des techniques identiques peut
mettre en évidence le véritable effet de ceux-ci. Le but
decetravail est de décrire les résultats d’un tel essai. Entre
1999 et 2004 21 fractures du scaphoide avec pseudarthrose
ont été traitées par une greffe pédiculée et sélectionnée pour
cet essai en double aveugle. Tous les patients étaient de
sexe masculin, l’âge moyen était de 26 ans (17 à 42 ans) et
le temps moyen entre le traumatisme et l’intervention
chirurgicale a été de 38,4 mois (3 mois à 10 ans). Des
ultrasons de basse intensité ont été utilisés avec un
stimulateur de type TheraMed 101-B (30 mW/cm2, 20
minutes par jour) en double aveugle. Un appareil de type
placébo a été également utilisé. L’apparence externe des
deux appareils était absolument identique. Les patients ont
été randomisés entre ceux recevant la stimulation placébo
et ceux recevant une stimulation active d’ultrason. Après
un suivi moyen de 2,3 ans (de 1 à 4 ans), tous les patients
ont consolidé, aussi bien dans la série avec ultrasons que
dans la série placébo. Si l’on compare la série avec appareil
de type placébo (11 patients) à la série utilisant un appareil
délivrant des ultrasons (10 patients), la guérison a été plus
rapide dans cette dernière série de 38 jours (56±3,2 jours,
versus 94±4,8 jours; p<0.0001 en analyse devariance).

Introduction

The ideal treatment of non-union of the scaphoid remains
unsolved and controversial. Displaced fracture fragments
and soft tissue interposition can prevent union of acute
fractures of the scaphoid carpal bone by interrupting the
blood supply. The rate of osseous unions seems to be
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related to the stability and vascularity of the proximal
fragment.

Only an adequate double-blind trial comparing treatment
by ultrasound stimulation in patients treated with similar
surgical techniques can provide evidence of the true effect
of ultrasound. This paper describes the results of such
a trial.

Materials and methods

From 1999 to 2004, 21 fractures of the scaphoid with es-
tablished non-unions treated with vascularised pedicle
bone graft [1] (Fig. 1) were selected for inclusion in a
double-blind trial.

All patients were males, with an average age of 26.7
years (range 17–42 years) and an average interval between
injury and surgery of 38.4 months (range 3months–10 years).
Nine patients had fractures through the scaphoid waist, and
12 had fractures in the proximal third. All patients had a
history of dorsiflexion injury of the wrist. Ten patients had
sustained their fractures in simple falls, four during sports
activity. The dominant wrist was affected in six patients.

Fracture fixation was with K-wires. All patients were
initially immobilized with a long-arm thumb spica cast,
followed by a short-arm cast until healing was demonstrat-
ed by X-rays.

Low-intensity ultrasound was delivered using a Ther-
aMed 101-B bone-growth stimulator [2] (Fig. 2), which
was modified to accomplish double-blinding. These modi-

fications did not affect the designated active units. The
placebo units were adjusted to give no ultrasound signal
output across the transducer. Externally, all units appeared
identical but were marked with individual code numbers.
Patients were randomly allocated to either an active or
placebo stimulation.

Neither the patient nor the surgeon knew whether the
unit was active or a dummy because they were indistin-
guishable in external appearance and in use.

The patients were familiarised with the apparatus and
instructed in its use. After the operation with the use of a
template and a standardised technique, a window was
created in the volar-radial aspect of the cast over the scaph-
oid. A low-intensity pulsed ultrasound signal of 30 mW/cm2

(ISATA), was applied transdermally for 20 min/day. A
water-based gel was used as coupler between the trans-
ducer device and the skin to facilitate effective ultrasonic
wave transmission to the fracture site.

The parameters that were evaluated included pain, active
range of motion of the wrist, radiographic evidence of
union, carpal height index, and scapholunate-capitolunate
angles.

Pain was assessed by using a visual analog scale that
ranged from one point (no pain) to ten points (severe pain).

Active range of motion of the wrist in the saggital and
frontal planes and rotation of the forearm were measured
by the author.

Standardised radiographs were made in the postero-
anterior, lateral, and oblique views. Radiographs were made
every 4 weeks for the first 6 months to assess union.

The defined end point of the study was a healed non-
union. The following definition of healing was developed
before the assessments.

Time to healed non-union was defined as the interval, in
days, between the date of the operation and the time when
the fracture site (non-union) was healed both clinically
(solid and not causing tenderness or pain) and radio-
graphically (evidenced by complete bridging cortices).

For the patients who had complied with the study pro-
tocol and had complete follow-up, time to healing was
assessed with the use of one statistical method, analysis ofFig. 1 Pronator quadratus pedicled bone graft

Fig. 2 Theramed 101-B (low-intensity pulsed ultrasound therapy
unit) (Instituto Nacional de Investigaciones en Metrología. Con-
sulado 206, Havana, C.P. 10200, Cuba)
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variance, to compare the mean times to healing for the two
treatment groups.

Results

Follow-up averaged 2.3 years (range 1–4 years). Fracture
union was achieved in all cases (21 patients) treated with
vascularised pedicle bone graft. Fourteen patients were
very satisfied with the results of surgery, 15 had occasional
pain or discomfort with strenuous activity, 11 returned to
their previous occupation and leisure activity with mild lim-
itations, and 17 demonstrated a flexion/extension arc aver-
aging 93° and a radial/ulnar deviation arc of 44°. The
scapho-lunate and capito-lunate angles averaged 58.2° and
8.6°, respectively. The average carpal height index was 0.54.

Comparing the active device (ten patients) with the pla-
cebo device (11 patients), ultrasound treatment led to a
reduced time to overall (clinical and radiographic) healing
by 38 days (average of 56±3.2 days compared with 94±4.8
days; p<0.0001; analysis of variance; Fig. 3a–c).

No adverse reactions or complications were attributable
to the device, and no contraindications to its use were re-
ported during the study.

Discussion

Scaphoid non-unions are challenging because they may not
always be symptomatic in their early stages; therefore, at
delayed presentation, they can have greater bone loss, car-
pal collapse, and loss of blood supply. The natural history
of non-unions is that eventual carpal collapse and degen-
erative arthrosis will ensue, usually within 10 years. When
non-unions are recognised in stable position, bone grafting
with the use of supplemental fixation leads to union in al-
most all cases as long as the proximal pole of the scaphoid
is free of osteonecrosis. Proximal pole non-unions accom-
panied by osteonecrosis require the addition of a vascular-

ised bone graft. Vascularized grafts may also be useful for
non-unions that fail to heal after adequate fixation and tra-
ditional grafting methods. Salvage procedures, such as
radial styloidectomy, scaphoid excision with or without
limited midcarpal fusion, proximal row carpectomy, and
total wrist fusion, are reserved for cases with severe carpal
collapse and arthrosis.

The use of pedicled vascularised bone grafts (VBGs) in
the reconstruction of bone defects or osteonecrosis is nearly
a century old. In 1905, Huntington transferred a fibula with
its nutrient artery pedicle in the reconstruction of a tibial
defect [3]. Sixty years later, Roy-Camille transferred a
pedicled VBG (scaphoid tubercle) on an abductor pollicis
brevis muscle pedicle to a delayed scaphoid fracture union
[4]. VBGs, unlike conventional bone grafts, preserve the
circulation as well as viable osteoclasts and osteoblasts,
allowing primary bone healing without creeping substitu-
tion within the dead bone [5]. Use of low ultrasound stim-
ulation in scaphoid non-unions treated by pedicled VBGs
may aid or accelerate healing.

Ultrasound, a form of mechanical energy that is trans-
mitted through and into biological tissues as an acoustic
pressure wave at frequencies above the limit of human
hearing, is used widely in medicine as a therapeutic, oper-
ative, and diagnostic tool [6, 7]. Therapeutic ultrasound,
and some operative ultrasound, uses intensities as high as
1–3 W/cm2 and can cause considerable heating in living
tissues. To take full advantage of this energy absorption,
physiotherapists often use such levels of ultrasound
acutely to decrease joint stiffness, reduce pain and muscle
spasms, and improve muscle mobility. The use of ultra-
sound as a surgical instrument involves even higher levels
of intensity (5–300 W/cm2), and sharp bursts of energy
are used to fragment calculi, to initiate the healing of
non-unions, to ablate diseased tissues such as cataracts, and
even to remove methylmethacrylate cement during revision
of prosthetic joints [8]. At the opposite end of the ultra-
sound-intensity spectrum, much lower magnitudes of 1–
50 mW/cm2 are used to drive diagnostic devices that non-

Fig. 3 a Anteroposterior radiograph demonstrating a scaphoid waist non-union. b Anteroposterior radiograph showing bone grafting and
internal fixation of the scaphoid (K-wire).c Nonunion site healed at 8 weeks; the K-wire was removed, and the patient’s symptoms resolved
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invasively image vital organs, foetal development, pe-
ripheral blood flow, and metabolic bone diseases such as
osteoporosis and to evaluate fracture callus during healing
[9, 10]. The intensity level used for imaging, which is five
orders of magnitude below that used for surgery, is
regarded as nonthermal and nondestructive [11]. Never-
theless, low-intensity ultrasound is still a mechanical force,
and it therefore holds the potential to influence bone mass
and morphology through bone tissue’s strong sensitivity to
physical stimuli.

In 1952, investigators in Italy demonstrated, in a con-
trolled, paired study of radial fractures in rabbits, that con-
tinuous-wave ultrasound could stimulate the formation of
bone callus [12]. These findings led to the first clinical use
of ultrasound to stimulate fracture healing, and in 1953 the
same investigators found, in a study of eight patients, that
the treatment was safe and produced an increase in peri-
osteal callus [13]. More than 30 years later, Dyson and
Brookes [14], in a study of bilateral fibular fractures in rats,
demonstrated accelerated fracture healing when treatment
with 500 mW/cm2 of pulsed ultrasound was compared with
no therapy. These investigators found that ultrasound treat-
ment was most effective during the early stages of healing.
Extrapolating these data to the clinical setting, Xavier and
Duarte [15] reported in a Brazilian orthopedic journal that
70% of 26 non-unions healed after brief exposure (20 min/
day) to very low-intensity ultrasound (30 mW/cm2 ).

These original findings were soon supported by Reuter
et al. [16, 17], who found positive effects in bone in a series
of animal studies that involved using a continuous ultra-
sound signal an order of magnitude higher than that used
by Duarte [18]. Klug et al. [19, 20] demonstrated that
ultrasound treatment delivered at an intensity of 200 mW/
cm2 accelerated the healing of closed lower-extremity
fractures in rabbits by 18%. Pilla et al. [21], in a placebo-
controlled study of midshaft tibial osteotomies in rabbits,
found that brief periods (20 min/day) of pulsed ultrasound
(a 200-μs burst of 1.5-MHz sine waves, repeated at 1 kHz),
delivered at a low intensity of 30 mW/cm2, accelerated the
recovery of torsional strength and stiffness.

The mechanical stimulation inherent to ultrasound trans-
lates into a biological response. Wide-ranging studies
both in vitro and in vivo have been used to investigate
the biological mechanisms responsible for the observed
influence of ultrasound on fracture healing. In one of the
first such studies, Chapman et al. [22] reported that ultra-
sound induced a change in the rates of influx and efflux of
potassium ions in rat thymocytes. Ryaby et al. [23–25] later
reported that low-intensity ultrasound increased calcium
incorporation in both differentiating cartilage and bone cell
cultures, reflecting a change in cell metabolism. This in-
crease in second-messenger activity was paralleled by the
modulation of adenylate cyclase activity and transforming
growth factor-B synthesis in osteoblastic cells. The influ-
ence of ultrasound on second-messenger activity in pri-
mary chondrocytes was also reported by Parvizi et al. [26],
who found, using a real-time assay, that the application of
ultrasound at 50 mW/cm2 increased the release of cellular
calcium. Kokubu et al. [27] showed that low-intensity

ultrasound (30 mW/cm2) increased prostaglandin-E2 pro-
duction through the induction of cyclo-oxygenase-2 mRNA
in mouse osteoblasts, and concluded that ultrasound exerts
its influence in a manner similar to that of fluid shear stress
and tensile force stimuli. More recently, Ito et al. [28]
studied the effect of low-intensity ultrasound on growth
factor secretion in a coculture of human osteoblastic and
endothelial cells and found that ultrasound increased the
release of platelet-derived growth factor in the conditioned
media.

Not all of the impact of ultrasound need be identified at
the molecular mechanistic level in order to ultimately benefit
healing. Rawool et al. [29] demonstrated that low-intensity
ultrasound, delivered over a 10-day period, stimulated a
greater degree of vascularity at the site of ulnar osteotomies
in dogs.

These data suggest that, in addition to modulating gene
expression (molecular interaction), ultrasound may increase
blood flow through the dilation of capillaries (structural
intervention) and the enhancement of angiogenesis (cellu-
lar interaction). It is generally believed that greater blood
flow serves as a principal factor in the acceleration of
fracture healing. Indeed, one of the main biological goals of
the inflammatory response is to reestablish blood flow to
the injured area.

The orthopaedic literature contains several references to
alternative healing methods based in most cases, on the
therapeutic methods of various forms of electricity, on
extracorporal shock wave therapy, and on ultrasound.
These methods have been developed to accelerate the
healing process of fresh fractures and to treat delayed union
and pseudarthroses. These methods have not as yet been
widely used, and one reason for this may be the fact that
these publications only include a small number of cases.
Conversely, there are only a few publications reporting on
the surgical treatment of delayed union and non-union on
large numbers of patients.

Low-intensity pulsed ultrasound has been principally in-
vestigated as a technique to accelerate healing of fresh
fractures, but more recently as a treatment of fracture non-
unions [30–33]. Ultrasound can be delivered non-invasively
to the skin surface overlying the fracture site. Ultrasound
treatment can be self-administered with one daily 20-min
treatment, continuing until the fracture has healed. The
mechanism of action at the cellular level is not precisely
known but is thought to be related to a mechanical effect
on cell deformation or indirectly by an electrical effect
caused by cell deformation [31]. The ultimate effect on
fracture healing may be mediated by enhanced vascularity
at the fracture site or enhanced chondrocyte maturation
[32].

In this study comparing the placebo group (11 patients)
with the active group (10 patients), non-union healing was
accelerated by 38 days.

Our data analysis suggests that ultrasound therapy may
be beneficial to the healing of non-union of the scaphoid
after treatment by vascularised pedicle bone graft. This
finding is of considerable importance because treatment
with a low-intensity pulsed ultrasound signal may reduce
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healing time and could yield substantial cost savings and
decreased disability associated with delayed union and non-
union of scaphoid fractures. It is important to limit the
conclusion of the present study to the specific type of
fracture studied and to the specific surgical treatment used.
Further clinical trials are needed to determine the optimal
role of ultrasound therapy in fracture healing.
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